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Method and Apparatus for Generating a Mist 

The present invention relates to a method and 
apparatus for generating a mist and in particular, 
but not exclusively, to a method and apparatus for • 
the generation of a liquid droplet mist with 
application to, but not restricted to, v/ater mist 
generation for fire extinguishing, suppression and 
control . . 

It is well known in the art that there are three 
major contributing factors required to maintain 
combustion. These are known as the fire triangle, 
i.e. fuel, heat and oxygen. Conventional fire 
extinguishing and suppression systems aim to remove 
or at least minimise at least one of these major 
factors. Typically fire suppression systems use 
inter alia water, C02, Halon, dry powder or foam. 
Water systems act by removing the heat from the 
fire, whilst C02 systems work by displacing oxygen. 
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Ar.Dcher aspect or :::on\bustioi- it3 icnovjn as the s:.la:us 
chain reacticriS. The reav-rtion .re.lies on free 
radic^io tha': are created in t:he co-iibusuion process 
a!:d are es.sanliial for its coniiinua^cion . Haion 
operates by attaching itself to the free radicals 
and thus preventing further combustion by 
interrupting the flame chain reaction. 

The major disadvantage of v/ater systems is that a 
large amount of v/ater is usually required to 
extinguish the fire; This presents a first problem 
of being able to store a sufficient volume of v;ater 
or quickly gain access to an adequate supply. In 
addition^ such systems can also lead to damage by 
the v;ater itself/ either in the immediate region of 
the fire, or even from v/ater seepage to adjoining 
rooms. C02 and Halon systems have the disadvantage 
that they cannot be used in environments where 
people are present as it creates an atmosphere that 
becomes difficult or even impossible for people to 
breathe in. Halon has the further disadvantage of 
being toxic and damaging to the environment. For 
these reasons the manufacture of Halon is being 
banned in most countries. 

To overcome the above disadvantages a number of 
alternative systems utilising liquid mist he 
emerged. The majority of these utilise wat *s the 
suppression media, but present it to the fir.; in zhe 
form of a v/ater mist. A v/ater mist system overcomes 
the above disadvantages of conventional systems by 
using the v/ater mist to reduce the heat of the 
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vapour around the rire^ displace the oxygen and also 
disrupt Che flame chain reaction. Such systems use 
a relatively small amounc of water and are geneiailv 
intended for class A and 3 fires, and even 
electrical fires. 

Current water mist systems utilise a variety of 
methods for generating the \>?ater droplets, using a 
range of pressures. A major disadvantage of many of 
these systems is that they require a relatively high 
pressure to force the water through injection 
nozzles and/or use relatively small nozzle orifices 
to form the vjater mist. Typically these pressures 
are 20bar or greater. As such, many systems utilise 
a gas--pressurised tank to provide the pressurised 
water, thus limiting the run time of the system. 
Such systems are usually employed in closed areas of 
known volume such as engine rooms, pump rooms, and 
computer rooms. However, due to their finite 
storage capacity, such systems have the limitation 
of a short run time. Under some circumstances, such 
as a particularly fierce fire, or if the room is no 
longer sealed, the system may empty before the fire 
is extinguished. Another major disadvantage of these" 
systems is that the water mist from these nozzles 
does not have a particularly long reach, and as such 
the nozzles are usually fixed in place around the 
room to ensure adequate coverage. 

Conventional water mist systems use a high pressure 
nozzle to create the v/ater droplet mist. Due to the 
droplet formation mechanism of such a system, and 
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::he high r.c;nGen;;y jcji .Jrcplet coalescence/ an 
additional limitation of this f jrrr. of mist 
generation is that it creates a niist with a wide 
r^ncis of water droplet sizes. Zi: is knov/n uhat 
v/ater drople-cs of approxiraately 40- 50pm in size 
provide the optimum compromise for fire suppression 
for a number of fire scenarios. For example, a 
study by the US Naval Research Laboratories found 
that a v/ater mist v/ith droplets less than 42]im in • 
size v;as more effective at extinguishing a test fire 
than Halon 1301. A water mist comprised of droplets 
in the approximate size range of 40-50pm provides an 
optimum compromise of having the greatest surface 
area for a given volume, whilst also providing 
sufficient mass to project a sufficient distance and 
also penetrate into the heat of the fire. 
Conventional water mist systems comprised of 
droplets with a lower droplet size will have 
insufficient masS/ and hence momentum, to project a 
sufficient distance and also penetrate into the heat 
of a fire. 

The majority of conventional water mist systems only 
manage to achieve a low percentage of the viater 
droplets in this key size range. 

An additional disadvantage of the conventional v/ater 
mist sysr i, generatir a water mist with such a 
v/ide rang, cf droplet s-.-.es, is that the majority of 
fire suppression requires line-of -sight operation. 
Although the smaller droplets will tend to behave as 
a gas the larger droplets in the flov/ v/ill 
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Ihexns^l-jus impact v.-ith these smaller drcplsf.s so 
reducing their effectiveness. A mist which behaves 
more akin i-.o a gas cloud has the advantages of 
reaching non line-of-sight areas, so eliminating all 
hot spots and possible re-ignition 2:ones. A further 
advantage of such a gas cloud behaviour is that the 
water droplets have more of a tendency to remain 
airborne, thereby cooling the gases and combustion 
products of the fire, rather than impacting the 
surfaces of the room. This improves the rate of 
cooling of the fire and also reduces damage to items 
in the vicinity of the fire. 

According to a first aspect of the present invention 
there is provided an apparatus for generating a mist 
comprising: 

a conduit having a mixing chamber and an exit; 

a transport nozzle in fluid communication with 
the said conduit, the transport nozzle being adapted 
to introduce a transport fluid into the mixing 
chamber; 

a working nozzle positioned adjacent the 
transport nozzle intermediate the transport nozzle 
and the exit, the working nozzle being adapted to 
introduce a working fluid into the mixing chamber; 

the transport and v/orking nozzles having an 
angular orientation and internal geometry such that 
in use interaction of the transport fluid and 
v/orking fluid in the .Tiixing chamber causes the 
working fluid to atomise and form a dispersed 
vapour/droplet flow regime, which is discharged as a. 
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rr.ist: fron: the exiC/ uhe nu^t comprisir.a' v-orkina 
.fluid drop.le-is having a substantially uniform si::e. 

Typically least oO-ii of the ciropleLs by volume 
have a size v/ithin 30% of che median size, altho'jgh . 
the invention is net limited to this. In a 
particularly uniform mist the proportion may be 10% 
or 80% or more of the droplets by volume having a 
size v/ithin 30%, 25%, 20% or less of the median 
size. 

Preferably the transport and/or working nozzle 
substantially circumscribes the conduit. 

Preferably the angular orientation and internal 
geometry of the transport and working nozzles is 
such that the size of the working fluid droplets is 

less than 50|.im. 

Preferably the mixing chamber includes a converging 
portion. 

Preferably the mixing chamber includes a diverging 
portion . 

Preferably the apparatus includes a second transport 
nozzle being adapted to introduce further transport 
fluid or a second transport fluid into the mixing 
chamber. 

preferably the second transport nozzle is positioned 
nearer to the exiu than the working nozzle, such 
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that Che wciking nozzle is intermediate both 
transport nozzles. 



Preferably the raixing chamber includes an inlet 
adapted to introduce an inlet fluid into the mixing 
chamber, the inlet being distal from the exit, the 
transport and working nozzles being arranged 
intermediate the inlet and exit. 

Preferably the apparatus includes a supplementary 
nozzle arranged inside the transport nozzle and 
adapted to introduce further transport fluid or a 
second transport fluid into the mixing chamber. 

Preferably the supplementary nozzle is arranged 
axially in the mixing chamber. 

Preferably the supplementary nozzle extends forv/ard 
of the transport nozzle* 



Preferably the supplementary nozzle is shaped with a 
convergent-divergent profile to provide supersonic 
flow of the transport fluid which flows 
therethrough. 

Preferably the transport nozzle is shaped such that 
the transport fluid introduced into the mixing 
chamber through the transport nozzle has a divergent 
or convergent flow pattern. 
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Preic-rably the cranapcrc nozcle has inner cind ou-c^r 
iruriaces each beina subsTiar.tially f rusuoconical ir. 

^* * • • 

Preferably the working nor.zle is shaped such tha" 
working fluid introduced into the mixing chamber 
through the working nozzle has a convergent or 
divergent flow pattern, 

I 

Preferably the v/orking nozzle has inner and outer 
surfaces each being substantially frustoconical in 
shape . 

Preferably the apparatus further includes control 
means adapted to control one or more of droplet 
size, droplet distribution, spray cone angle and 
projection distance. 

Preferably the apparatus further includes control 
means to control one or more of the flow rate, 
pressure, velocity, quality, and temperature of the 
working or transport fluids. 

Preferably the control means includes means to 
control the angular orientation and internal 
geometry of the transport and working nozzles. 

Preferably the control means includes means to 
control the internal geometry of at least part of 
the mixing chamber cr exit to vary it betv;een 
convergent and divergent . 
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= r.s£-r£b.ly "he internal geometry of zhe transport 
nozzles has an area ratio, namely exit area to 
throat area, in -h.e range 1.75 to 15, having an 
included angle a. substantially equal to or less than 
6 degrees for supersonic flow and substantially 
equal to or less than 12 degrees for sub-sonic flow. 

Preferably the transport nozzle is oriented at an 
angle p of between 0 to 30 degrees. 

Preferably the mixing chamber is closed upstream of 
the transport nozzle. 

Preferably the exit of the apparatus is provided 
with a cowl to control the mist. 

« 

Preferably the cowl . comprises a plurality of 
separate sections Arranged radially, each section 
adapted to control and re-direct a portion of the 
discharge of mist emerging from the exit. , 

Preferably the apparatus is located within a further 
cov;l. 



Preferably the conduit includes a passage. 

Preferably at least one of the passage, the 
transport nozzl9(s), v/orking no2zle(s) and 
supplementary nozzle (s) has a turbulator to induce 
turbulence of t.he fluid therethrough prior to the 
fluid being introduced into the mixing chamber. 
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According r.?- a second aspect cf the present 
invention uhere is provided a method of generating a 
irtist conprising the steps of: 

providing apparatus for generating a mist 
comprising a transport and working nozzle and a 
conduit, the conduit having a mixing chamber and an 
exit; 

introducing a stream of transport fluid into 
the mixing chamber through the transport nozzle; 

introducing a v;ork:ing fluid into the mixing 
chamber through the working noznile downstream of the 
transport nozzle nearer to the exit; 

atomising the v/orking fluid by interaction of 
the transport fluid with the working fluid to form a 
dispersed vapour/droplet flov/ regime; and 

discharging the dispersed vapour/droplet flow 
regime through the exit as a mist comprising working 
fluid droplets of substantially uniform size. 

Preferably the apparatus is any apparatus according, 
to the first aspect of the present invention. 

Preferably the stream of transport fluid introduced 
into the mixing chamber is annular. 

Preferably the v/orking fluid droplets have a size 
less than SOitm. 

Preferably the method includes the sTiep of 

introducing the transport fluid into the mixing 

chamber in a continuous or discontinuous or ' 

intermittent or pulsed manner. 

to 
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Prererably the method includes the step of 
introducing -he transport f j.uid into the mixincj 
chamber as a supersonic zlow. 

Preferably the method includes the step of 
introducing the v/orking fluid into the mixing 
chamber in a continuous or discontinuous or 
intermittent or pulsed manner. 

Preferably the method includes the step of 
introducing the transport fluid into the mixing 
chamber as a sub-sonic flov/. ' 

Preferably the mist is controlled by modulating at 
least one of the follov/ing parameters: 

the flow rate, pressure, velocity, quality 
and/or temperature of the transport fluid; 

the flow rate, pressure, velocity, quality 
and/or temperature of the working fluid; 

the flow rate, pressure, velocity, quality 
and/or temperature of the inlet fluid; 

the angular orientation of the transport and/or 
v/orking and/or supplementary nozzle (s) of the 
apparatus; 

the internal geometry of the transport and/or 
v/orking and/or supplementary nozzle (s) of the 
apparatus; and 

the. internal geometry, length and/or cross 
section of the mixing chamber. 
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? r:c^v^r-^b}.y zh^^ n:?t:r::-d i':c\i\rie.r. mixing ".'[vr* transport 
r.nd v.'orkinq fluid tcgetaar by raeans or a high 
velcciiLv r-ransccrt fluid iet issuii-iq from the 
''1 r a r. s po r t no z 1 e . 

Preferably the meuhod ijicludes the generation of 
condensation shocks and/or momentum transfer to 
provide suction within the apparatus. 

Preferably the raethod includes inducing turbulence 
of the inlet fluid prior to it being introduced into 
the mixing chamber. 

Preferably the method includes inducing turbulence 
of the working .fluid prior to it being introduced 
into the mixing chamber. 

Preferably the method includes inducing turbulence 
of the transport fluid prior to it being introduced 
into the mixing chamber • 

Preferably the transport fluid is steam or an 
air/steam mixture. 

Preferably the working fluid is water or a water- 
based liquid. 

Preferably the mist is used for fire suppression. 
Preferably the mist is used for decontamination. 
Preferably the mist is used for gas scrubbing. 
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ii-u.bociiments of uhe present: invencion viill now be 
described, ;?y way of exainpie only, v/j rei^-^-.^n -.t^- 
the acccmpanyinc; -Irav/inas in vmich: 



Fig. 1 is a cross-sectional elevation view of an 
apparatus for generating a mist in accordance with a 
first embodiment of the present invention; 

Figs. 2 to 4 are schematics showing an over expanded 
transport nozzle, an under expanded transport 
nozzle, and a largely over expanded transport 
nozzle, respectively; 

Figs. 5 to 10 show alternative arrangements of a 
contoured passage to initiate turbulence; 

■ 

Fig. 11 is a schematic showing the interaction of a 
transport and working fluid as they issue from a 
transport and v/orking nozzles- 
Fig . 12 is a cross-sectional elevation view of an 
alternative embodiment of the apparatus of Fig, .1 
having a diverging mixing chamber; 

Fig. 13 is a cross-sectional elevation viev/ of an 
alternative embodiment of the apparatus of Fig. 12 
having an additional transport nozzle; 



Fig. 14 is a cross-sectional elevation viev; of the 
apparatus of Fig. 1 enclosed in a casing; 
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rig. 15 is a cro5f>-secticr.s.l elevciticn viev; c-: en 
ipparauus ::or aeneratina a mist substanti51l.lv 
similar co ?ic. 1 save that a raiying chamber has 
beii^n clcsed upstream; 

rig. 16 is a cross-sectional elevation vievj of an 
apparatus for generating a mist in accordance with 
an alternative embodiment of the present invention; 

Fig. 17 is a cross-sectional elevation view of an 
alternative embodiment of the apparatus of Fig. 16 
having an additional transport nozzle; 

Fig. 18 is a cross-^sectional elevation viev/ of an 
apparatus for generating a mist in accordance with 
further alternative embodiment of the present 
invention; 

Fig. 19 is a cross-sectional elevation view of an 
additional embodiment of the apparatus of Fig. 18 
having an additional transport nozzle; 

Fig, 20 is a cross-sectional elevation viev; of an 
apparatus for generating a mist in accordance v;ith 
yet a further embodiment of the present invention; 
and 

Fig. 21 is a cross-sectional elevation view of the 
apparatus of Fig. 20 having a modification. 
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ivnere apprcpriace, like reference numerals have been 
substantially used for like parts throughout the 
specification. 

Referring to. Fig, 1 there is shown an apparatus for 
generating a mist, a mist generator 1, comprising a 
conduit or housing 2 defining a passage 3 providing 
an inlet 4 for the introduction of an inlet fluid, 
an outlet or exit 5, and a mixing chamber 3A, the 
passage 3 being of substantially constant circular 
cross section. 

The passage 3 may be of any convenient cross- 
sectional shape suitable for the particular 
application of the mist generator 1. The passage 3. 
shape may be circular, rectilinear or elliptical, or 
any intermediate shape,, for example curvilinear. 

The mixing chamber 3.A is of constant cross-sectional 
area but the cross-sectional area may vary along the 
mixing chamber's length with differing degrees of 
reduction or expansion, i.e. the cross-sectional 
area of the mixing chamber may taper at different 
angles at different points along its length. The 
mixing chamber may taper from the location of the 
transport nozzle 16 and the taper ratio may be 
selected such that the multi-phase flow velocity and 
trajectory is maintained at its optimum or desired 
Dosition. 



The mixing chamber 3A is of variable length in order 
to provide a control on the mist's droplet formation 
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parameters, .i.e. Jro'pis:: droplet 
deriSity/distribui:iori, velocir.y '.projcc'ced distance.) 
and spray cone angle. The ienqch cr the n-iixing 
chamber is thus? chosen ::o provide the optinum 
performance regarding momentum transfer and to 
enhance turbulence. In seme embodiments the length 
may be adjustable in situ. rather than pre-designed 
in order to provide a measure of versatility. 

The mixing chamber geometry is determined by the 
desired and projected output performance of the 
discharge of mist and to match the designed steam 
conditions and nozzle geometry. In this respect it 
will be appreciated that there is a combinatory 
effect as betv/een the various geometric features and 
their effect on performance, namely droplet size, 
droplet density, mist spray cone angle and projected 
distance. 

The inlet 4 is formed at a front end of a protrusion 
6 extending into the housing 2 and defining 
exteriorly thereof a chamber or plenum 8 for the 
introduction of a transport fluid into the mixing 
chamber 3A, the plenum 8 being provided v/ith a 
transport fluid feed port 10, The protrusion 6 
defines internally thereof part of the passage 3. 

The transport fluid is steam, but may be any 
compressible fluid, such as a gas or vapour, or may 
be a mixture of compressible and f lovable fluids. 
It is envisaged that to allov/ a quick start to the 
mist generator 1, the transport fluid can initially 
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be air, Meanwhile, a .vapid steai^ oeneK-xc^ or ^rhr-r 
means can be used tc generate s'ceam. Once the stear.-. 
is lormed, ^^he air supply can be switched t:o the 
steam supply. It is also envisaged thac air oi: 
other compressible fluids and/or flowable fluids can 
be used to regulate the temperature of the transport 
fluid, which in turn can be used to control the mist 
droplet formation. 

A distal end 12 of the protrusion 5 remote from the 
inlet 4 is tapered on its relatively outer surface 
14 and defines a transport nozzle 16 between it and 
a correspondingly tapered part 18 of the inner wall 
of the housing 2, the transport nozzle 16 being in 
fluid communication v/ith the plenum 8. 

The transport nozzle 16 is so shaped (with a 
convergent-divergent portion) as in use to give 
supersonic flow of the transport fluid into the 
mixing chamber 3A, For a given steam condition, 
i.e. dryness (quality), pressure, velocity and 
temperature, the transport nozzle 16 is preferably 
configured to provide the highest velocity steam 
jet, the lowest pressure drop and the highest 
enthalpy between the plenum and nozzle exit. 
Hov/ever, it is envisaged that the flow of transport 
fluid into the mixing chamber may alternatively be 
sub-sonic in some applications for application or 
process requirements, or transport fluid and/or 
working fluid property requirements. For instance, 
the jet issuing from a sub-sonic flow will be easier 
to divert compared with a supersonic jet. 
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A:;:ccrding:.y, a i:ranspcr:; no--le could be adapted 
•vith derMectcrs to give a v/ider cone anale than 
supersonic zlcv: ccndi':ic.n3. Hov.»-3V8r , whils-: sut- 
sonic flow rnay provide a v/ider spiray cone angle, 
there is a trade-off with an iricrease in the mist's 
dropleu siza; but in some applications this may be 
acceptable. 

Thus, the transport nozzle 15 corresponds v/ith the* 
shape of the passage 3, for example, a circular 
passage would advantageously be provided with an 
annular nozzle circumscribing the said passage. 

It is anticipated that the transport nozzle 16 may 
be a single point nozzle v/hich is located at some 
point around the circumference of the passage to 
introduce transport fluid into the mixing chamber. 
Hov%'ever, an annular configuration will be more 
effective compared with a single point nozzle. 

The term '"annular" as used herein is deemed to 
embrace any configuration of nozzle or nozzles that 
circumscribes the passage 3 of the mist generator 1, 
and encompasses circular^ irregular, polygonal, 
elliptical and rectilinear shapes of nozzle. 

In the case of a rectilinear passage, v;hich may have 
a large width to height ratio, transport nozzles 
would be provided at least cn each transverse wall, 
but not necessarily on the sidevjalls, although the 
invention optionally contemplates a full 
circumscription of the passage by the nozzles 
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^r.respecti ve of shave. ITor exarnoie t'n^ iv^^'- 
generator could be ir.ade fit a standard door 
...eti-erbox to al.l.cw fire fiahters to eas-il^- ^-rc^A- ^ 
house fire v/ithout the need to enter the building. 
Size scaling is important in terms of being able to 
readily accommodate differing designed capacities in 
contrast to conventional equipment. 

The transport nozzle 16 has an area ratio, defined 
as exit area to throat area, in the range 1.75 to 15 
with an included angle (a) substantially equal to or 
less than 6 degrees for supersonic flow, and 
substantially equal to or less than 12 degrees for 
sub-sonic flow; ' although the included angle (a) may 
be greater. The angular orientation of the 
tra:nsport nozzle 16 is (5 = 0 to 30 degrees relative 
to the boundary flow of fluid within the conduit at 

the nozzle's exit. However, the angle p may be 
greater. 

The transport nozzle 16 may, depending on the 
application of the mist generator 1, have. an 
irregular cross section. For example, there may be 
an outer circular nozzle having an inner ellipsoid 
or elliptical nozzle which both can be configured to 
provide particular flow patterns, such as swirl, in 
the mixing chamber to increase the intensity of the 
shearing effect and turbulence. 

A working nozzle 34, located downstream of the 
transport nozzle 16 nearer to the exit 5, is formed 
in a second plenum 32 provided in the housing 2. 
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v:oL'kii\q nc:;rJ.e 24 is '=:inu.lar and circurnscrices 
zhe ocssace 3. 

The working no:i:2:le 3'! coiresponds v/i-;h che shape o:: 
uhe passage 3 and/or the transpcirt nozzle 16 and 
thus, for example, a circular passage would 
advantageously be provided v/ith an annular v/orking 
nozzle circumscribing said passage. However, it is 
to be appreciated that the working nozzle 34 need ' 
not be annular, or indeed, need not be a nozzle. 
The working nozzle 34 need only be an inlet to allov/ 
a working fluid to be introduced into the mixing 
chamber 3A. 

X 

In the case of a rectilinear passage, which may have 
a large width to height ratio, working nozzles v/ould 
be provided at least on each transverse v/all, but 
not necessarily on the sidewalls, although the 

invention optionally contemplates a full 

.% 

circumscription of the passage by the working nozzle 
irrespective of shape. 

The working nozzle 34 may be used for the 
introduction of gases or liquids or of other 
additives that may, for example, be treatment 
substances for the v;orking fluid or may be 
particulates in powder or pulverant form to be mixed 
viith the working fluid. Tor example, water and an 
additive x-nay be introduced together via a v/orking 
nozzle (or separately via two v;orking nozzles) for 
water mist applications. The working fluid and * 
additive are entrained into the mist crenerator 1 cv 
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the low pressure created within the mist genera tier 
(mixing chamber) . The fluids or additives may also 
be pressurised by an external means and pumped inuc 
the mist generator, i£ required. 

For fire fighting applications, typically the 
v/orking fluid is water, but may be any flowable 
fluid or mixture of flov/able fluids requiring to be 
dispersed into a mist, e.g. any non-flammable liquid 
or flowable fluid (inert gas) which absorbs heat 
when it vaporises may be used instead of, or in 
addition to via a second v/orking nozzle, the water. 

The working nozzle 34 may be located as close as 
possible to the projected surface of the transport 
fluid issuing from the transport nozzle 16. In 
practice and in this respect a knife edge separation 
between the transport fluid stream and the working 
fluid stream issuing from their respective nozzles 
may be of advantage in order to achieve the 
requisite degree of interaction of said fluids. The 
angular orientation of the transport nozzle 16 with 
respect to the stream of the working fluid is of 
importance . 

The transport nozzle 16 is conveniently angled 
towards the stream of working fluid issuing from the 
v/orking nozzle 34 since this occasions penetration 
of the working fluid. The angular orientation of 
both nozzles is selected for optimum performance to 
enhance turbulence, which is dependent inter alia on 
the nozzle orientation and the internal geometry of 
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zhc mixir.a c*hairib-rr , c*o nchLev^ z desired droolev. 
formation (i.e. size, distribution/ spray cone angle 
::P.d projection). Mcreovei, t'r.e creation of 
tiurbuience, governed inC;£:r alia by the anauiar 
orientation cf ^he nozzles, is important t:c zichieve 
optimum performance by dispersal of the working 
fluid in order to increase acceleration by momentum 
transfer and mass transfer. 

Simply put, the more turbulence there is generated, 
the smaller the droplet size achievable. 

Figs. 2 to 4 shov/ schematics of different 
configurations of the transport and working nozzles, 
which provide different degrees of turbulence. 

Fig. 2 shows an over expanded transport nozzle. The 
transport nozzle can be configured to provide a 
particular steam pressure gradient across it. One 
parameter that can be changed/controlled is the 
degree of expansion of the steam through the nozzle. 
Different steam exit pressures provide different 
steam exit velocities and temperatures with a 
subsequent effect on the droplet formation of the 
mist. 

With an over expanded nozzle the steam exiting the 
transport nozzle is over expanded such that its 
local pressure is less than local atmospheric 
pressure. For example, typical pressures are C . 7 to 
0.3 bar absolute, v.'ith a subsequent steam 

temperature of approximately 85**C. 
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This results in the formation of very weak shocks B 
ana 3 pc/iroible we^ik expansicn wave C in the filow. 
The advantages of this arrangement is that the steam 
velocity is high, therefore there is a very high 
primary and secondary break up, v/hich results in 
relatively smaller droplets. It can also be quieter 
in operation than other nozzle arrangements (as will 
be discussed), due to the lack of strong shocks. 

There is a trade-off thpugh in that there is reduced 
suction pressure created v/ithin the mist generator 
due to the lack of condensation shocks. However, 
this feature is only desired to entrain the inlet or 
working fluid through the mist generator rather than 
pumping it in. 

Fig. 3 shows an under expanded transport nozzle. 
With under expanded nozzles the exit steam pressure 
is higher than local atmospheric pressure, for 
example it can be approximately 1.2 bar absolute, at 
a temperature of approximately IIS^C. This results 
in local expansion and condensation shocks D. A 
higher temperature differential between the steam 
and water can exist, therefore local condensation 
shocks are generated. This results in a higher 
suction pressure being generated through the mist 
generator for the entrainment of the working fluid 
and inlet fluid. 



However, there is a trade-off in that an under 
expanded nozzle has a lov;er steam velocity, 
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roiiul-ing in a les5 efricienu primary and se^ondar'/ 
break up, leading zo siighuly larger dropler. sxzbs. 

ir'ig. 4 shov/s a largely over expanded transport 
nozzle. This alternative arrangement has a typical 
e:\it pressure oL approximately 0.2 bar absolute. 
However, the exit velocity can be very high, 
typically approximately ISOOm/s (approximately Mach 
3) . This high velocity results in the generation of 
a very strong localised aerodynamic shock E (normal 
shock) at the steam exit. This shock is so strong 
that theoretically downstream of the shock the 
pressure increases to approximately 1.2bar absolute 
and rises to a temperature of approximately 120**C. 
This higher temperature may help to reduce the 
surface tension of the water, so helping to reduce 
the droplet size. This resultant higher temperature 
can be used in applications where heat treatment of 
the working and/or inlet fluid is required, such as 
the treatment of bacteria. 

Hov/ever, the trade-off with this arrangement is that 
the strong shocks reduce the velocity of the steam, 
therefore there is a reduced effect on the high 
shear droplet break up mechanism. In addition, it 
may be noisy. 

In operation the inlet 4 is connected to a source cf 
inlet fluid which is introduced into the inlet <! and 
passage 3. In this specific example relating to 
fire suppression, the inlet fluid is air, but may by 
any ficwable fluid or mixture of flowable fluids. 
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The working liuid, water, is introduced into a feed 
port v-nere the v-acsr 1:lov;3 into the pienum 32, 

and out through the working nozzle 5^1. 

However, it is ancicipated that working fluid may be 
introduced into the mixing chamber via the inlet 4, 
where a second working fluid may be introduced into 
the mixing chamber via a v/orking nozzle. 

The transport fluid, steam, is introduced into the 
feed port 10, where the steam flows into the 'plenum 
8, and out through the transport nozzle 16 as a high 
velocity steam jet. 

The high velocity steam jet issuing from the 
transport nozzle 16 impacts with the v/ater stream 
issuing from the nozzle 34 with high shear forces, 
thus atomising the water breaking it into fine 
droplets and producing a well mixed three-phase 
condition constituted by the liquid phase of the 
water, the steam and the air. In this instance, the 
energy transfer mechanism of momentum and mass 
transfer occasion's induction of the water through 
the mixing chamber .3A and out of the exit 5. Mass 
transfer will generally only occur for hot transport 
fluids, such as steam. 

In simple terms, the present invention uses the 
transport fluid to slice up the working fluid. As 
already touched on, the more turbulence you have, 
the smaller the droplets formed. 
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Tha presen-^ invention has a primary break i:p 
n;echani3]:i Bnd a seccr.ciary break up mechanism to 
.atomise the. working fluid. The primary mechanism is 
the high shear between the steam and the v/ater, 
which is a function of the high relative velocities 
between the two fluids, resulting in the formation 
of small v/aves on the boundary surface of the v/ater 
surface/ ultimately forming ligaments v/hich are 
stripped off. 

4 

The secondary break up mechanism involves two 
aspects. The first is further shear break up, which 
is a function of any remaining slip velocities 
between the water and the steam. Hov;ever, this 
reduces as the water ligaments/droplets are 
accelerated up to the velocity of the steam. The 
second aspect is turbulent eddie break up of the 
water droplets caused by the turbulence of the 
steam. The turbulent eddie break up is a function 
of transport nozzle exit velocities, local 
turbulence, nozzle orientation (this effects the way 
the mist interacts with itself) , and the surface 
tension of the water (which is effected by the 
temperature) . 

The primary break up mechanism of the working fluid 
may be enhanced by creating initial instabilities in 
the working fluid flow. Deliberately created 
instabilities in the transport f luid/wcrking fluid 
interaction layer encourages fluid surface turbulent 
dissipation resulting in the working fluid 
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dispersinc; hxio a liquicl-ligaraenc region, followed 
by a iigamenn-drcplet region where the lioaments and 
droplets are still subject to disintegration due co 
aerodynamic characteristics. 

The interaction between the transport fluid and the 
working fluid, leading to the atomisation of the 
working fluid, is enhanced by flow instability. 
Instability enhances the droplet stripping from the 
contact surface of the flow of the working fluid. A 
turbulent dissipation layer between the transport 
and working fluids is both fluidically and 
mechanically (geometry) encouraged ensuring rapid 
fluid dissipation. 

The internal walls of the flow passage immediately 
upstream of the transport nozzle 16 exit may be 
contoured to provide different degrees of turbulence 
to the working fluid prior to its interaction with 

ft 

the transport fluid issuing from the or each' nozzle. 

Fig. 5 shows the internal walls of the passage 3 
provided with a contoured internal wall in the 
region 19 immediately upstream of the exit of the 
transport nozzle 16 is provided with a tapering wall 
130 to provide a diverging profile leading up to the 
exit of the transport nozzle 16. The diverging wall 
geometry provides a deceleration of the localised 
flow, providing disruption to the boundary layer 
flow, in addition to an adverse pressure gradient, 
v/hich in turn leads to the generation and 
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prcpaoation of z\,\rb'j.lenc^ in this par-c oi: the 
ivorkinc fluid flow, 

An alternav-ive eTi^odiment is shov/n in Fig. 6; v;i:ich 
shov/s the internal v/ail 19 of the flov; oassace 3 
iiximediately upstream of the transport nozzle 16 
being provided v/ith a diverging wall 130 on the bore 
surface leading up to the exit of the transport 
nozzle 16, but the taper is preceded with a step 
132. In use, the step results in a sudden increase 
in the bore diameter prior to the tapered section. 
The step ^trips' the flow, leading to eddies and 
turbulent flow in "he v/orking fluid vjithin the 
diverging secticn. .nmiediately prior to its 
interaction v;ith zr.e steam issuing from the 
tra.nsport nozzle ^6. These eddies enhance the 
initial wave instabilities which lead to ligament 
formation and rapid working fluid dispersion. 

The tapered diverging section 130 could be tapered 
over a range of angles and may be parallel with the 
walls of the bore. It is even envisaged that the 
tapered section 130 may be tapered to provide a 
converging geometry, with the taper reducing to a 
diameter at its intersection v/ith the transport 
no^izle 16 which is preferably not less than the bore 
diameter. 

The embodiment shown in Fig. 6 is illustrated v/ith 
the initial step 132 angled at 90^^ to the axis of 
the bore 5. As an alternative to this 
configuration, the angle of the step 132 m.ay display 
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:i 3hallov/er or greater angle suitable to orovicie a 
^trip' to the flov;. Again, the diverging section 
130 could be tapered at different angles and mav 
even be parallel to the walls of the bore 3. 
Alternatively, the tapered section 130 maw be 
tapered to provide a converging geometry, with the 
taper reducing to a diameter at its intersection 
with the transport nozzle 16 which is preferably not 
less than the bore diameter. 

Figs, 7 to 10 illustrate examples of alternative 
contoured profiles 134, 136, 138, 140. All of these 
are intended to create turbulence in the working 
fluid flow immediately prior to the interaction with 
the transport fluid issuing from the transport 
nozzle 16. 



Although Figs. 5 to 10 illustrate several 
combinations of grooves and tapering sections, it is 
envisaged that any combination of these features, or 
any other groove cross-sectional shape may be 
employed. 



Similarly, the transport, working and supplementary 
nozzles, and the mixing chamber, may be adapted with 
such contours to enhance turbulence. 



The length of .the mixing chamber 3A can be used as a 
parameter to increase turbulence, and hence, 
decrease the droplet size, leading to an increased 
cooling rate. 
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riy. 1 shows a cchematic:: ot the inu«raccion cf th-s 
working and transport fiov;5? as chey .issue frc:r. their 
respecV:ive nozzles. Currenc Thinking suggescs ::hat 
opi:invj:n perf orraance is achieved v/hen the length cf 
the mixing chamber is iiniited to the point where the 
increasing thickness boundary layer A betv/een the 
steam and the v/ater touches the inner surface of the 
housing 2. Keeping the mixing chamber short like 
this also allows air to be entrained at the exit 5 
from the outside surface of the mist generator^ 
where the entrained air increases the mixing and 
turbulence intensity, and therefore, the mist's 
droplet formation. In other words, increased 
intensity of the turbulence allov/s for the 
generation of smaller working fluid droplets within 
the. mist. The advantage of having smaller water 
droplets is that they have a relatively increased 
cooling rate compared with larger droplet sizes. 

The properties or parameters of the inlet fluid, 
working fluid and transport fluid, for example, 
quality, flov/ rate, velocity, pressure and 
temperature, can be regulated or controlled or 
manipulated, to give the required intensity cf 
shearing and hence, the required droplet size, 
droplet distribution, spray cone angle and 
projection distance. The properti^*- of the inlet, 
working and transport fluids beinc ntrollable by 
either external means, such as a pressure regulation 
means, and/or by the angular orientation and 
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Tho quality of the inlet and working fluids refer to 
its purity, viscosity, density, and the 
presence/absence of contaminants. 

The mechanism of the present invention primarily 
relies on the momentum transfer between the 
transport fluid and the working fluid, which 
provides for shearing of the working fluid on a 
continuous basis by shear dispersion and/or 
dissociation, plus provides the driving force to 
propel the generated mist out of the exit. However, 
when the transport fluid is a hot compressible gas, 
for example steam, i.e. the transport fluid is of a 
higher temperature than the working fluid, it is 
thought that this mechanism is further enhanced with 
a degree of mass transfer between the transport 
fluid and the working fluid as well. Again, when 
the transport fluid is hotter than the working fluid ' 
the heat transfer between the fluids and the 
resulting increase in temperature of the working 
fluid further aids the dissociation of the liquid 
into smaller droplets by reducing the viscosity and 
surface tension of the liquid. 

The intensity of the shearing mechanism, and 
therefore the size of the droplets created, and the 
propelling force of the mist, is controllable by 
manipulating the various parameters prevailing 
within the mist generator 1 v/hen operational. 
Accordingly the flow rate, pressure, velocity, 
temperature and quality, e.g. in the case of steam 
the dryness, of zhe transport fluid, may be 
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rc^criii ac.iici ZD give a required iniiensi^y of shcarinc;, 
v/hich ::.n turn leads t.c tihe mist emerging from the 
:: p.3v:..r.g a horriogeneous v.-orkirtg f luid droc.let 
■Jisuribution hcivinj drcplecs v;hich are of 
substantially uniform size, a substantial portion o: 
which have a size less than 50|.im, 

Similarly, the flow rate, pressure, velocity, 
quality and temperature of the fluids which make up 
the inlet and working fluids, which are either 
entrained into the mist generator by the mist 
generator itself (due to shocks and the momentum 
transfer between the transport and working fluids) 
or by external means, may be regulated to give the 
required intensity of shearing and desired droplet 
size . 

In carrying out the method of the present Invention 
the creation and intensity of the dispersed droplet 
flow is occasioned by the design of the transport 
nozzle ib interacting with the setting of the 
desired parametric conditions, for example, in the 
case of steam as the transport fluid, the pressure, 
the dryness or steam .quality, the velocity, zhe 
temperature and the flow rate, to achieve the 
required- performance of the transport nozzle, i.e. 
generation of a water mist with a substantially 
uniform droplet distribution, a substantial portion 
of which have a size less than 50um. 

The performance of the present invention can be 
complimented with the choice of materials from which 
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i:: .15 ccnsuructed. Although, che chosen materials 
nave to be suitable for the temperature, steam 
^ pressure anci working fluid, there are no other' 
restrictions on choice. For example, high 
temperature composites, stainless steel, or 
aluminium could be used. 

i 

The nozzles may advantageously have a surface 
coating. This will help reduce wear of the nozzle^, 
and avoid any build up of agglomerates/deposits 
therein, amongst other advantages. 

The nozzles 16, 34 may be continuous (annular) or 
may be discontinuous in the form of a plurality of 
apertures, e^g. segmental, arranged in a 
circumscribing pattern that may be circular. In 
either case each aperture may be provided with 
substantially helical or spiral vanes formed in 
order to give in practice a swirl to the flow of the 
transport fluid and working fluid respectively. 
Alternatively swirl my be induced by introducing the 
transport/working fluid into the mist generator- in 
such a manner that the transport/working fluid flow 
induces a swirling motion in to and out of each 
nozzle 16, 34. For example, in the case of an • 
annular transport nozzle, and v/ith steam as the 
transport fluid, the steam may be introduced via a 
tangential inlet off-centre of the axial plane, 
thereby inducing swirl in the plenum before passing 
through the transport nozzle. The same would apply 
to an annular working nozzle where the working fluid 
would induce a swirl before passing through the 
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workinc ncz::ie. A? a rurrner aJ.ternatlV'S the 
transport and v.^orking nczzles may circumscribe the ' 
passage, in the forni of ci continuous substantial l.y 
helical or sriral sc^rcii over a lenath of the 
passage, Lhe nozzle apertures being formed in the 
tvall of the uassaae. 

Whilst the nozzles 16, 34 are shown in Fig. 1 as 
■being directed towards the exit 5, it is also 
envisaged that the working nozzle 34 may be 
directed/angled tov/ards the inlet 4, which may 
result in greater turbulence. Also, the working 
nozzle 34 may be provided at any angle up to 180 
degrees relative to the transport nozzle in order to 
produce greater turbulence by virtue of the higher 
shear associated with the increasing slip velocities 
between the transport and working fluids. For 
example, the working nozzle may be provided 
perpendicular to the transport nozzle. 

In some embodiments of the present invention a 
series of transport nozzles is provided lengthwise 
of the passage 3 and the geometry of the nozzles may 
vary from one to the other dependent upon the effect 
desired. For example, the angular orientation may 
vary one to the other. The nozzles may have 
differing geometries to afford different effects, 
i.e. different performance characteristics, with 
possibly differing parametric transport conditions. 
For example some nozzles may be operated for the 
purpose of initial mixing of different liquids and 
gasses whereas other nczzles are used simultaneously 
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-"Tor adciiticnal droclet break up or fin*-' 
direct ionalisaticn. Each nozzle may have a mixing 
chamber seczLop. downstream thereof. in the case 
v/here a series of nozzles is provided, the number of 
transport nozzles and working nozzles is oDtional. 



A cowl (not shovm) may be provided downstream of the 
exit 5 from the passage 3 in order to further 
control the mist. The cowl may comprise a number Of 
separate sections arranged in the radial direction, 
each section controlling and re-directing a portion 
of the mist spray emerging from the exit 5 of the 
mist generator 1. 

Fig, 12 shows an embodiment of the present invention 
substantially similar to that shown in Fig. 1 save 
that the mist generator 1 * is provided with a 
diverging mixing chamber section 3A, and the angular 
orientation (p) of the nozzles 16, 34 have been 
adjusted and angled to provide the desired 
interaction between the steam (transport fluid) and 
the water (working fluid) occasioning the optimum 
energy transfer by momentum and mass transfer to 
enhance turbulence . 

This embodiment operates in substantially the same 
way as previous embodiments save that this 
embodiment provides a more diffuse or wider spray 
cone angle and therefore a wider discharge of mist 
coverage, Angled walls 36 of the mixing chamber 3A 
may be angled at different divergent and convergent 
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.incrlss r.o prcvi.ie diifereni: spray cone anqies and o 
v.ider discharge of mist coverage. 

Referring nov; Fig.. 13, which shows an embodiaient 
of the present invention oubsuanuially similar to 
thac illustrated in Fig. 12 save that an additional 
transport fluid feed port 40 and plenum 42 are 
provided in housing 2, together with a second 
transport nozzle 4 4 formed at a location downstream 
of the working nozzle 34 nearer to the exit 5. 

The second transport nozzle 44 is used to introduce 
the transport fluid (steam) into the mixing chamber 
3A dov/nstream of the working fluid (water) . The 
second transport nozzle may be used to introduce a 
second transport fluid. 

In this embodiment the three nozzles 16, 34, 44 are 
located coincident with one another thus providing a 
co-annular nozzle arrangement. 

This embodiment is provided with a diverging mixing 
chamber section 3A and the angles of the nozzles 16, 
34, 44 are angled to provide the desired angles of 
interaction betv;een the "cwo streams of steam and the 
water, thus occasioning the optimum energy transfer 
by momentum and mass transfer to enhance turbulence. 
The diverging walls 36 of the mixing chamber provide 
a mere diffuse or wider spray cone angle and 
therefore a wider discharge cf mist coverage. The 
angle of the v/alis 36 cf the mixing chamber 3A may 
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be varied convergent-divergent to provide ciifferent 
spray cone angles. 

In ooeraticn tv/o hiqh veiocitv streams of steam exit 
their respective transport nozzles 16, 44, and 
sandv/ich the v/ater stream issuina from the working 
nozzle 34, This embodiment both enhances the 
droplet formation by providing a double shearing 
action, and also provides a fluid separation or 
cushion betv/een the v/ater and the v;alls 36 of the 
mixing chamber 3A, thus preventing small water 
droplets being lost through coalescence on the 
angled walls 36 of the mixing chamber 3A before 
exiting the mist generator 1 via the exit 5. In 
alternative embodiments, not shown, the mixing 
chamber 'section 3A may be converging. This v/ill 
provide a greater exit velocity for the discharge of 
mist and therefore a greater projection range. 

With reference to Fig. 14, the mist generator 1 of 
Fig. 1 is disposed centrally v;ithin a cowl or casing 
50 . The casing .50 comprises a diverging inlet 
portion 52 having an inlet opening 54, a central 
portion 56 of constant cross-section, leading to a 
converging outlet portion 58, the outlet portion -58 
having an outlet opening 60. 

In use the inlet opening 54 and the outlet opening 
60 are in fluid communication v/ith a body of the 
inlet fluid (air) either therewithin or connected to 
a conduit. Although Fig. 14 illustrates use of the 
mist generator 1 of Fig. i disposed centrally within 
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::a^j:.n:f 50, it: is envisaged that anv of zi\c 
eiitbcciiiacrnts the p::c^se:-:c invention may also be 

• 1 «j si ■» f» t- •> -'i 

In operation zhe inlet fluid (air) is cirav/n throucjh 
the casing 5D (by shocks and momentum transfer) , or 
is pumped in by external means, with flov/ being 
induced around the housing 2 and also through the 
passage 3 of the mist generator 1. 

The convergent portion 58 of the casing 50 provides 
a means of enhancing a momentum transfer (suction) 
in mixing between the flow exiting the mist 
generator 1 at exit 5 and the fluid drawn through 
the casing 50. The enhanced suction and mixing of 
the. mist with the fluid drav/n through the casing 50 
could be used in such applications as gas cooling, 
decontamination and gas scrubbing. 

As an alternative to this specific configuration 
shown in Fig. 14, inlet portion 52 may display a 
shailov; angle or indeed may be dimensionally 
coincident with the bore of the central portion 56. 
The outlet portion 58 may be of varied shape which 
has different accelerative and mixing performance on 
the spray cone angle and projection range on the 
discharge of mist. 

In £ further embodiment of the present invention, as 
shown in Fig. 15, there is no straight-through 
passage 3 as v/ith previous embodiments. Thus there 
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no requirement ::.r cr.e int:rccluction c^" -;n''"i: 
fluid (air}.. 

In this embodiment the apparatus for generating a 
mist (mist generator 1) comprises a conduit or 

« 

housing 2, providing a mixing chamber 9, a transport 
fluid inlet 3, a working fluid inlet 4 and an outlet 
or exit 5. 

The transport fluid inlet 3 has an annular chamber 
or plenum 8 provided in the housing 2, the inlet 3 
also has a transport nozzle 16 for the introduction 
of a transport fluid into the mixing chamber 9. 

A protrusion 6 extends into the housing 2 and 
defines a plenum 8 for the introduction of the 
transport fluid into the mixing chamber 9 via the 
transport nozzle 16. 

A distal end 12 of the protrusion 6 is tapered on 
its relatively outer surface 14 and defines the 
transport nozzle 16 between it and a correspondingly 
tapered part 18 of the housing 2. 

The working fluid inlet 30 has a plenum 32 provided 
in the housing 2, the working fluid inlet 30 also 
has a working nozzle 34 formed at a location 
coincident with that of the transport nozzle 16, 

The transport nozzle 16 and working nozzle 34 are' 
substantially similar to that of previous 
embodiments . 
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Ir. onfiL-'auicn ch-^ v;crk.inc; fluid inlet 30 is ccnnecr.ed 
"c a:;;urce ol ivcrki;-.o fluid, v;5ter. The uranspcrt: 
fluid inlet 3 is cornected zc a source of traniipir-: 
fluid, oteciiT.. Intrcducticn of the steam into the 
inlet 5, through the plenum Q, causes a jet of steam 
to issue forth through the transport nos2:le 15. The 
parameTiric charac-ceristics or properties of the 
steam, for example, pressure, temperature, dryness 
(qualicy) , etc., are selected whereby in use the 
steam issues from the transport nozzle 16 at 
supersonic speeds into a mixing region of the 
charuber 10, hereinafter described as the mixing 
chamber 9. The steam jet issiiir.g from the transport 
nozzle 16 impacts the working fluid issuing from the 
viorking nozzle 34 with high shear forces, thus 
atomising the water into droplets and occasioning 
induction of the resulting water mist through the 
mixing chamber 9 tov/ards the exit 5. 

t 

The parametric characteristics, i.e. the internal 
geometries of the nozzles 16, 34 and their angular 
orientation, the cross-section and length of the 
mixing chamber, and the properties of the working 
and transport fluids ar^ modulated/manipulated to 
discharge a water mist with a substantially uniform 
droplet distribu'"-ion having a substantial portion of 

droplets with c ize less ^han 50|.im- 



Fig. 16 shows yet 
present invention 
Fie. 15 save that 



a further embed 
similar to that 
the orotrusion 



iment of the 

illustrated in 
6 inccrocrates a 
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supoiementary nozzle zi, wh.i.ch is ^^i^' r-, 
longitudinal axis of the housing 2 and .vhich is in 
fluid conununicaticn with the mixing chamber 5. An 
inl-2i; 3a is formed at a front end of the protrusion. 

6 {distal from the exit 5) extending into the 
housing 2 incorporating interiorly thereof a plenum 

7 for the introduction of the transport fluid, 
steam. The plenum 7 is in fluid communication with 
the plenum 8 through one or more channels 11. 

A distal end 12 of the protrusion 6 remote from the 
inlet 3A is tapered on its internal surface 20 and 
defines a parallel axis aligned supplementary nozzle 
22, the supplementary nozzle 22 being in fluid 
communication with the plenum 7 . 

The supplementary nozzle 22 is so shaped as in use 
to give supersonic flow of the transport fluid' into 
the mixing chamber 9. For a given steam condition, 
i.e. dryness (quality), pressure and temperature, 
the nozzle 22 is preferably configured to provide 
the highest velocity steam jet, the lowest pressure 
drop and the highest enthalpy betv/een the plenum and 
the transport nozzle e.xit. However, it is envisaged 
that the flow of transport fluid into the mixing 
chamber. may alternatively be sub-sonic in some 
applications as hereinbefore described. 

The supplementary nozzle 22 has an area ratio in the 
range 1,75 to 15 with an included angle (a) less 
than 6 degrees for supersonic flow, and 12 degrees 
for sub-sonic flow; alt.hough (a) may be higher. 
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It: is to be iiOcreciateci that the supciementarv 
::cz7.j.e 22 is analed r.o provide the desired 
inceracuion betv/een the transport and v;orkina fluid 
occasioning the optimum energy transfer by mcmentum 
and mass transfer to obtain the reouired intensitv 

™ mi 

of- shearing suitable for the required droplet size. 
The supplementary nozzle 22 as shown in Fig. 16 may 
be located off-centre and/or may be tilted. 

In operation the v/orking fluid inlet 30 is connected 
to a source of the working fluid to be dispersed, 
water. The fluid inlet 3a is connected to a source 
of transport fluid, steam. Introduction of the 
steam into the inlet Sa, through the plenums 7^ 8 
causes a jet of steam to issue forth through the 
transport no2zle 16 and the supplementary nozzle 22. 
The parametric characteristics or properties of the 
steam are selected whereby in use the steam issues 
from the nozzles at: supersonic speeds into the 
mixing chamber 9. The steam jets issuing from the 
nozzles 16^ 22 impact the working fluid issuing from 
the working nozzle 34 with high shear forces, thus 
atomising the water into droplets and occasioning 
induction of the resulting water mist through the 
mixing chamber 9 tov/ards the exit 5. 

The oarametric characteristics, i.e. the internal 
geometries of the nozzles 16, 34 and their angular 
orientation, the cross-section (and length) of the 
mixing chamber, and che properties of the v/orking 
and transport fluids are modulated/manipulated to 
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discharge a water mist v;ith a substar.txally .miiorm 
droplet distribution having a substantial portion of 
c.ropi-3ts with a size less than 50^im. 

It is to be appreciated that the supplementary 
noizle 22 will increase the turbulent break up,, and 
also influence the shape of the emerging mist plume. 

The supplementary nozzle 22 may be incorporated into 
any other embodiment of the present invention. 

Fig. 17 shows an embodiment substantially similar to 
that illustrated in Fig. 16 save that an additional 
transport fluid inlet 40 and plenum 42 are provided 
in- the housing 2, together with a second transport 
nozzle 44 formed at a location coincident with that 
of the working nozzle 34, thus providing a co-- 
annular nozzle arrangement - 

The transport nozzles 16, 44, the supplementary 
nozzle 22 and the working nozzle 34 are angled to 
provide the desired angles of interaction between 
the steam and water, and optimum energy transfer by 
momentum and mass transfer to enhance turbulence. 

In operation the high velocity steam jets issuing 
from the nozzles 16, 22, 4 4 impact the water with 
high shear forces, thus breaking the water into fine 
droplets and producing a well mixed two phase 
condition constituted by the liquid phase cf the 
water and the steam. This both enhances the droplet 
formation by providing a double shearing action, and 



• 



l»CT/CB2iH»5/nno72i) 



\\ () 21MI5/U.S2546 



-tlsc prrjvldes a j:'..uid separation or cushion betv.veen 
the vjBZrjr and the internal v/alls 36 of the nrdxing 
c:ha:Tiber 5. Thio prevents sraaii v;ater droiDlei:s beina 
iost through coalescence on the internal -vails 36 cf 
the raixing chainber 9 before exiting the mist 
generator i via the outlet 5. Additionally the 
no::zles 16, 22, 4 4 are angled and shaped to provide 
the desired droplet formation. In this instance, 
the energy transfer mechanism of momentum and mass 
transfer occasion's projection of the spray mist 
through the., mixing chamber 9 and out of the exit 5. 

Fig. 18 shovjs an embodiment substantially similar to 
that illustrated in Fig. 16 save that it is provided 
v/ith a diverging mixing chamber 9 and a radial 
transport fluid inlet 3 rather than the parallel 
axis inlet 3a shown in Fig, 16. However, either 
inlet type may be used. 

The transport nozzle 16, the supplementary nozzle 22 
and the working nozzle 34 are angled to provide the ■ 
desired angles of interaction between the transport 
and the working fluid occasioning the optimum energy 
transfer by momentum and mass transfer to enhance 
turbulence. 

The arrangement illustrated provides a more diffuse 
or wider spray cone angl- -.ad therefore a v/ider mist 
coverage. The angle of t - internal walls 36 of the 
mixing . chamber 3 relative to a longitudinal 
centreline of the mist generator 1,. and the angles 
of the nozzles 16 ,22, 34 relative to the walls 35, 
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may be varied to provide difforen^ droplet sizes, 
droplet distributions, spray cone angles and 
projecrion ranges. In an alternative embodiment, 
not shown, the mixing chamber 9 may be converging . 
This will provide a narrow concentrated mist spray, 
and may provide a greater axial velocity for the 
mist and therefore a greater projection range. 

Fig, 19 shows a further embodiment of the present ' 
invention substantially similar to the embodiment 
illustrated in Fig. 18 save that an additional 
transport fluid inlet 40 and plenum 42 are provided 
in the housing 2, together with a . second transport 
nozzle 44 formed at a location coincident with that 
of, the working nozzle 34, thus providing a co- 
annular nozzle arrangement. 

This embodiment is provided with a diverging mixing 
chamber section 9 and the nozzles 16, 22, 34, .44 are 
also angled to provide the desired angles of 
interaction between the transport and working fluid, 
thus occasioning the optimum energy transfer by 
momentum and mass transfer to enhance turbulence. 

The arrangement illustrated provides a more diffuse 
or v/ider spray cone angle and therefore a wider mist 
coverage. The angle of the inner walls 36 of the 
mixing chamber 9 relative to the longitudinal 
centreline of the mist generator 1, and the angles 
of the nozzles 16, 22, 34, 44 relative to the walls 
36, may be varied to provide different droplet 
sizes, droplet distributions, spray cone angles and 



*T C 

proj-swtiori r:;ngeo. In an alternauivc embcdinient: , 
vicz 'shz:\':v\, the mixinq chaa^ber 9 may be converging. 
Ti^iis will provide a r.arrcv.- concentrated nicC spray, 
an:i lu^y provide a a::eater axial velocity for the 
mist and there!:cre a areatsr oroiection ranqe. 

In operation the high velocity streams of steam 
exiting their respective nozzles 16, 22, 44, 
sandwich the v;ater stream exiting the working nozzle 
34. This both enhances the droplet formation by 
providing a double shearing action, and also 
provides a fluid separation or cushion betv/een the 
v/ater and the walls 36 of the mixina chamber 9. 
This prevents small water droplets being lost 
through coalescence on the internal walls of the 
mixing chamber 9 before exiting the mist generator 
via the exit 5. 

Referring now to Fig. 20, which shows a further 
embodiment cf an apparatus for generating a mist 
(mist generator 1) comprising a conduit or housing 
2, a transport fluid inlet 3a and plenum 7 provided 
in the housing 2 for the introduction of the 
transport fluid, steam, into a mixing chamber 9. 
The mist generator 1 also comprises a protrusion 38 
at the end of the plenum 1 which is tapered on its 
relatively outer surface 40 and defines an annular 
transport nozzle 15 between it and a correspondingly 
tapered part 18 of the inner wall of the housing 2, 
the transport nozzle 16 being in fluid communication 
v/ith the oienum 7. 
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The mist venerator i includes a v-ork-i^ci fiM'-s ini.'^+- 
30 and plenum 32 provided in the housing 2, togeuher 
with a v.'orking r.ozzle 34 r,orn\ed au a location 
coincident with that oi: the transport nozzle 16. 

This embodiment is provided with a diverging mixing 
chamber section 9 and the transport nozzle 16 and 
the working nozzle 34 are also angled to provide the 
desired angles of interaction between the transport 
and working fluid, thus occasioning the optimum 
energy transfer by momentum and mass transfer to 
enhance turbulence. The arrangement illustrated 
provides a diffuse or wide spray cone angle and 
therefore a wider mist coverage. The angle of the 
internal walls 36 of the mixing chamber 9 relative 
to the longitudinal centreline of the mist generator 
1, and the angles of the nozzles 16, 34 relative to 
the walls 36, may be varied to provide different 
droplet sizes, droplet distributions, spray cone 
angles and projection ranges. In an alternative 
embodiment, not shown, the mixing chamber 9 may be 
converging. This provides a narrow concentrated 
mist spray, a greater axial velocity for the mist 
spray and therefore a greater projection range. 

Fig. 21 shows a further embodiment substantially 
similar to that illustrated in Fig. 20 save that the 
protrusion 38 incorporates a parallel axis aligned 
supplementary nozzle 22, the nozzle 22 being in flow 
communication with a plenum 7. 
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The succiernenLdry ncrrzie 'Z7: is 3ubi5i:ant iaiiy ^iinilcir 
r.o previous suppiementary noziilas. 

Z:-. operacion the v.'orkinci fluid iniec 30 is connecuad 

a source or v/orking fluid, water. The inlet 2a 
is connected to a source of transport fluid, steam. 
Introduction of the steam into the inlet 3a, through 
the plenum 1 causes jets of steam to issue forth 
through the nozzles 16, 22. The parametric 
characteristics or properties of the steam are 
selected whereby in use the, steam issues from the 
nozzles 16, 22 at supersonic speeds into the mixing 
chamber 9. The steam jet issuing from the nozzle 16 
impacts the working fluid, issuing from the working 
nozzle 34 v/ith high shear forces, thus atomising the 
v/ater into droplets and occasioning induction of the 
resulting water mist through the mixing chamber 9 
towards an exit 5. The angle of the walls 36 of the 
mixing chamber 9 relative to the longitudinal 
centreline of the mist generator 1, and the angles • 
of the nozzles 16, 22, 34 relative to the v/alls 36, 
may be varied to provide different droplet sizes, 
droplet distributions, spray cone angles and 
pro j ection ranges . 

It is to be appreciated that any feature or 
derivative of the embodiments shov/n in Figs. 1 to 21 
may be adopted or combined v/ith one another t- form 
other embodiments. 

It is also to be appreciated that whilst the 
suppiementary nozzles have been described in fluid 
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comnvjnlcauion v/:Lth the transport fluid, it: is 
anr-icipa-ced that ths supplementary no?. vies may be 
connected to a second tiransDort fluid. 

1^ IS an advantage of zhe present invention that the 
v/orking nc2:2le(s) provides an annular flow having an 
even distribution of working fluid around the 
annulus . 

■ 

With reference to the aforementioned embodiments of 
the present invention, the parametric 
characteristics or properties of the inlet, working 
and transport fluids, for example the flow rate, 
pressure, velocity,- quality (e.g. dryness) and 
temperature, can be regulated to give the required 
intensity of shearing and droplet formation. The 
properties of the inlet, working and transport 
fluids being controllable by either external means, 
such as a pressure regulation means, or by the gap 
size (internal geometry) employed within the 
nozzles , 

Although Figs. 16, 17, 20, 21 illustrate the 
transport fluid inlet 3a located in a parallel axis 
to the longitudinal centreline of the mist generator 
1, feeding transport fluid directly into plenum 7, 
it is envisaged that the transport fluid may be 
introduced through alternative locations, for 
example through a radial inlet such as inlet 3 as 
illustrated in Fig. 18, which in turn may feed 
either or both plenums 7 and 8 directly, or through 
an alternative parallel axis location feeding 
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:ii.r3Ctly into ulenum 6* irsther zhan pienu-ri 7 \nQz 
= hown'; . Addicicnaily the fluid inlet 3C n\ay 
ulzemaziV'-Blv pcsitiioned in a oarallei axis 
l:^cacion (not shov;n', feedina working fluid alone 
eao housing to the plenum 32. 

In all embodiments of the present invention, the 
working noszles may alternatively form the inlet for 
other fluidS/ or solids in flowable form such as a 
powder, to be dispersed for use in mixing or 
treacment purposes. For example, a second working 
nozzle may be provided to provide chemical treatment 
of the working fluid, such as a fire retardant, if 
necessary. The placement of the second working 
nozzle may be either upstream or downstream of the 
transport nozzle or where more than one transport 
r.ozzle is provided, the placement may be both 
upstream and dovmstream dependent upon requirements. 

Referring to the embodiments shown in Figs. 1, 12 to 
14, for using the mist generator 1 as a fire 

suppressant in a room or other contained volume, the 
mist generator 1 may be either located entirely 
v;ithin the volume or room containing a fire, or 
located such that only r.he exit 5 protrudes into the 
volume. Consequently, the inlet fluid entering via 
inlet 4 may eith*?^ be the gasses already v/ithin zhe 
room, these may .ge from cold gasses to hot 
products of combustion, or may be a separate fluid 
supply, for example air or an inert gas from outside 
the rocm. In the situation where the mist generator 
i is located entirely v.dthin the room, the induced 
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flew through the passage 3 c± the mist generator 1 
may induce smoke end ether hot combustion products 
uc be drawn into tha iniet A and be incimateiy mixed 
v:ich the other fluids within the mist generator. 
This will increase the wetting and cooling effect on 
these gases and particles, it is also to be 
appreciated that the actual cooling mist will 
increase the wetting and codling effect on the 
gasses and particles too. 

Generating and introducing water mist containing a 
large amount of air into a potentially explosive 
environment such as a combustible gas filled room 
will result in both the reduction of risk of 
ignition from the water mist plus the dilution of 
the gas to a safe gas/oxygen ratio from the air. 

If a fire in a contained volume has burnt most of 
the available oxygen, a water mist may be introduced 
but with the flow of air stopped. This helps to 
extinguish the remaining fire without the risk of 
adding more oxygen. To this end, the flow of the 
inlet fluid (air) through the inlet 4 may be 
controllable by restricting or even closing the 
inlet 4 completely. This could be accomplished by 
using a control valve. Alternatively, the 
embodiments shown in Figs. 15 to.21 may be used in 
this scenario. 



In a modification, an inert gas may be used as the 
inlet fluid in place cf air, or, with regard to 
using the embodi.ments shown in Figs. 15 to 21, a 
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f.urzt'ar v;ork.iP.a nozzl^^ may be added to intirociuce • an 
inert gas or ncn-zl&mmable fluid zo suppress the 

— ^ ' 

Similarly, pov/ders or other particles nay be 
entrained or intrvoduced into the mist generator, 
mixed vjith and dispersed with another fluid or 
fluids. The particles being dispersed with the 
other fluid or fluids, or wetted and/or coated or 
otherwise treated prior to being projected. 

The mist generator of the present invention has a 
nuKvber of fundamental advantages over conventional 
v;ater mist systems . in that the mechanism of droplet 
formation and size is controlled by a number of 
adjustable parameters, for example, the flov^ rate, 
pressure, velocity/ quality and temperature of the 
inlet, transport and v/orking fluid; the angular 
orientation and internal geometry of the transport, 
supplementary and working nozzles; the cross- 
sectional area and length of the mixing chamber 3A. 
This provides active control over the amount of 
v;ater used, the droplet siiie, the droplet 
distribution, the spray cone angle and the projected 
range (distance) of the mist. For example, a water 
mist generator using steam as the transport fluid 
can produce a water mist v/ith a substantially 
uniform droplet distribution having a substantial 
portion of droplets with a srze less than 50um, v/ith 
an adjustable spray cone angle and projected range 
of over 40 meters. 
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A key ^dvavi\:age oi che present invention is thaz the 
uniform circciets fcrnied, which have a substantia.1 
portion cf droplets :vith a size less than 50um, have 
sufficient rp.omentum, because of the momentum 
transfer, to project a sufficient distance and also 
penetrate into the heat of a fire, which is distinct 
with the prior art where droplet sizes less than 
40|.un will have insufficient momentum to project a 
sufficient distance and also penetrate into the heat 
of a fire. 

A major advantage of the present invention is its 
ability to handle relatively more viscous working 
fluids and inlet fluids than conventional systems. 
The shocks and the momentum transfer that takes 
place provide suction causing the mist generator to 
act like a pump. Also, the shearing effect and 
turbulence of the high velocity steam jet breaks up 
the viscous working fluid and mixes it, making it 
less viscous. 

The mist generator can be used for either short 
burst operation or continuous or pulsed 
(intermittent) or discontinuous running. 

As there are no moving parts in the system and the ' 
mist generator is not dependent on small sized and 
closely toleranced fluid inlet nozzles, there is 
very little maintenance required. It is known that 
due to the small orifice size and high water 
pressures used by some of the existing water mist 
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■^ys'ceiv.s, th'dt nczzle wear is a major issuo wi::h 
these systems. 

In additlcn, due the use of relatively large 
fluid inlecs in the misc generator it is less 
sensitive to poor water quality. In Crises where r.he 
• mist generator is to be used in a marine 
environment, even sea vjater may be used. 

Although the mist generator may use a hot 
compressible transport fluid such as steam, this 
system is not: to be confused with existing steam 
flooding systems which produce a very hot 
atmosphere. In the current invention, the heat 
transfer between the steam and the working fluid 
results in a relatively low water mist temperature. 
For example, the exit temperature within the mist at 
the point of exit 5 has been recorded at less than 
52 ^C, reducing through continued heat transfer 
betv/een the steam and water to room temperature 
within a short distance. The exit temperature of 
the discharge of v;ater mist is controllable by 
regulation of the steam supply conditions, i,e* flow 
rate, pressure, velocity, temperature, etc., and the 
water flov; rate conditions, i.e. flov; rate, 
pressure, velocity, and temperature, and the inlet 
fluid' conditions. 

Droplet formation within the mist generator may be 
further enhanced with the entrainment of chemicals 
such as surfactants. The surfactants can be 
entrained directly into the mist generator and 
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inuiine^eiy mixed wi "h zhe workir.o r.:uid v.^.-^.. 
of droplet formation, ther-bv minimisina t>-'= 
quantity of surfactant required. 

i-u is an advantage of the straight- through passage 
of the mist generator, and the relatively large 
inlet nozzle geometries, that it can accommodate 
material that might find its way into the passage. 
It is a feature of the present invention that it is 
far more tolerant of the water quality used than 
conventional water mist systems which depend on 
small orifices and close tolerance nozzles. 

The ability of the mist generator to handle and 
process a range of working fluids provides 
advantages over many other mist generators. As the 
desired droplet size is achieved through high 
velocity shear and, in the case of steam as the 
transport fluid, mass transfer from a separate 
transport fluid, almost any working fluid can be 
introduced to the mist generator to be finely 
dispersed and projected. The working fluids can 
range from low viscosity easily flowable fluids and 
fluid/solid mixtures to high viscosity fluids and 
slurries. Even fluids or slurries containing 
relatively large sold particles can be handled. 

It is this versatility that allows the present 
invention to be applied in many different 
applications over a wide range of operating 
conditions. Furthermore the shape of the mist 
generator may be of any convenient form suitable for 
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the carticulai: apclicatica. Thus Che mist Generator 
rr.ay be circular, curvilinear or rectilinear, to 
rTacilius-:e rncitchino of the mist generator to zhe 
ooecific apoiic-i^ition or size scaiinq. 

The present invention thus affords wide 
applicability with improved performance over the 
prior art proposals in the field of water mist 
generators . 

* 

In some embodiments of the present invention a 
series of transport nozzles and working nozzles is 
provided lengthwise of the passage and the geometry 
of the nozzles may vary from one to the other 
dependent upon the effect desire. For example, the. 
angular orientation may vary one to the other. The 
nozzles may have differing geometries in order to 
afford different effects, i.e. different performance 
characteristics, with possibly differing parametric 
steam conditions. For example, some nozzles may be 
operated for^. the purpose of initial mixing of 
different liquids and gases v/hereas others are used 
simultaneously for additional droplet break-up or 
flow directionalisation . Each nozzle may have a 
mixing chamber section downstream thereof. In the 
case where a series of nozzles is provided the 
number of operational nozzles is variable. 

The mist generator of the present invention may be 
employed in a variety of applications ranging from 
fire extinguishing, suppression or control to smoke 
or ©article wettinq. 
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Due to ::he reiatively low pressures involvsd in ^ho 
present invention, the misu generator can be easily 
relocated and re-directed while in operation. Usina 
appropriate flexible steam and water supply pipes 
the mist generator is easily man portable. . The unit 
can be considered portable from two perspectives. 
Firstly the transport nozzle (s) can be moved 
anywhere only constrained by the steam and water • 
pipe lengths. This may have applications for fire 
fighting or decontamination v/hen the nozzle can be 
man-handled to specific areas for optimum coverage 
of the mist. This ^umbilical' approach could be 
extended to situations where the nozzle is moved by 
a robotic arm or. a mechanised system, being operated 
remotely. This may halve applications in very 
hazardous environments. 



Secondly, the whole system could be portable, i.e. 
the nozzle, a steam generator, plus a water/chemical 
supply is on a movable platform (e.g., self 
propelled vehicle) . This would have the benefits of 
being unrestricted by any umbilical pipe lengths. 
The whole system could possibly utilise a back-pack 
arrangement . 

The present invention may also be used for mixing, 
dispersion or hydration and again the shearing 
mechanism provides the mechanism for achieving the 
desired result. In this connection the mist 
generator may be used for mixing one or mere fluids, 
one or more fluids and solids in flowable or 
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par::ic\.:iate zcrrv,, Her ox^^^ple powders , The rluicis 
nay be in liquid or gaseous form. This mer:h2niom 
2cuici b:: used rcr exanple in the fiohtina cf fores l; 
fires, where pcv.-ders and ocher aciditiveS; sucii 3S 
fire suppressants, can be entrained, mixed and 
dispersed with the mist spray. 

In this area of usage lies another potential 
application in rerms of foam generation for fire 
fighting purposes. The separate fluids, for exampl 
water, a foaming agent, and possibly air, are mixed 
within the mist generator using the transport fluid 
for example steam, by virtue of the shearing effect 

Additionally, in fire or other high temperature 
environments the high density fine droplet mist 
generated by the mist generator provides a thermal 
barrier for people and fuel. In addition to 
reducing heat transfer by convection and conduction 
by cooling the air and gasses between the heat 
source and the people or fuel, the dense mist also 
reduces heat transfer by radiation. This has 
particular, but not exclusive, application to fire 
and smoke suppression in road, rail and air 
transport, and may greatly enhance passenger post- 
crash survivability. 

The fine droplet mist iner \ed by the -esent 
invention may be employed f r general c-:;ling 
applications. The high coding rate and iov? v;ater 
quantities used provide the mechanism for cooling oi 
industrial machinery and equipment. For example, 
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-jhe fine drrjclel i-iist hds particular application for 
direct droplet coolina of gas turbine inlet air. 
7he fine, droplet mist, typically a v;ater raist, is 
introduced into che iniec air of the gas turbine and 
due zo the small droplet size and large evaporative 
surface area, the water mist evaporates, cOooling 
the inlet air. The cooling of the inlet air boosts 
the pov/er of the gas turbine when it is operating in 
hot environments. 

Also, the very fine droplet mist produced by the 
mist generator may be utilised for cooling and 
humidifying area or spaces, either indoors or 
outdoors, for the purpose of providing a more 
habitable environment for people and animals. 

The mist generator may be employed either indoors or 
outdoors for general v/atering applications, for 
example, the watering of the plants inside a 
greenhouse. The water droplet size and distribution 
may be controlled to provide the appropriate 
watering mechanism, i.e. either root or foliage 
wetting, or a* combination of both. In addition, the 
humidity of the greenhouse may also be controlled 
with the use of the mist generator. 

The mist generator may be used in an explosive 
atmosphere to provide explosion prevention. The 
mist cools the atmosphere and dampens any airborne 
particulates, thus reducing the risk of explosion. 
Additionally, due to the high cooling rate and wide 
droplet distribution afforded by the fine drcolet 
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n^isc tne laisc generator may ce employoci for 
explosion suppressicn, particuiariy in a cont£:ined 
voiun^e. The irds': CcnerHitor has a t'urx:her advantiage 
z^r us-3 in pcr-entiaily explosive atmospheres as iz 
has no moving pares or electrical wires or circuitrv 
and therefore has minimum sources of ignition, 

i\ fire within a ccntained room will generally 
produce hot gasses which rise to the ceiling. There 
is therefore a temperature gradient formed with high 
temperatures at or near the ceiling and lower 
temperatures towards the floor. In addition, the 
gasses produced v^ill generally become stratified 
v/ithin the room at different heights. An advantage 
of the present invention is that the turbulence and 
projection force of the mist helps to mix the gasses 
v/ithin the room, mixing the high temperature gasses 
with the low temperature gasses, thus reducing the 
hot spot temperatures of the room. 

This mixing of the room's gasses, and the turbulent 
mist itself, which behaves more akin to a gas cloud, 
is able to reach non line-of-sight areas, so 
eliminating all hot spots (pockets of hot gasses) 
and possible re-ignition zones. A further advantage 
of the present invention is that the smaller v/acer 
droplets have more of a tendency to rempin airborne, 
thereby cooling the gases and the combi ion 
products of the fire. This improves th,. rate of 
cooling of the fire and also. reduces damage to items 
in the ''/icinity of the fire. 
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The turbulence and projsction force oi the mist 
allows for substantially all of the surfaces in the 
room to be coded or aecontan-iinated, even the ncn 
line of sight surfaces. 

In addition, the turbulence and projection force of 
the mist cause the water droplets to become attached 
to hydroscopic nuclei suspended in the gasses, 
causing the nuclei to become heavier and fall to the 
floor, where they are more manageable; particularly 
in decontamination applications. The water droplets 
generated by the present invention have more of a 
tendency to become attached to the nuclei by virtue 
of their smaller si^e. 

The mist generator may be used to deliberately 
create hydroscopic nuclei within the room for the 
purpose outlined above. 

Due to the particle wetting of the gasses in a 
contained volume by the mist generator and the 
turbulence created within the apparatus and by the 
cooling mist itself, pockets of gas are dispersed, 
thereby limiting the chance of explosion. 

The present invention has the additional benefit of 
wetting or quenching of explosive or toxic 
atmospheres utilising either just the steam, or with 
additional entrained water and/or chemical 
additives. The later configuration could be used for 
placing the explosive or toxic substances in 
solution for safe disposal- 
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-Jsing a he: compressible transport fluid, such as 
3tean\/ may provicie an addicionai advantage of 
prcvidinq conruci cf hariiifui bacceria. The shearir.r: 
mechanism afforded by tine present invention coupled 
v/ith the heaz input of the steam destroys the 
bacceria in the fluid flov/, thereby providing for 
the sterilisation of the v^orking fluid. The 
sterilisation effeci: could be enhanced further v/ith 
the entrainment of chemicals or other additives 
which are mixed into the working fluid. This may 
have particular advantage in applications such as 
fire fighting, vjhere the v/orking fluid, such as 
water, is advantageously required no be stored for 
some time prior to use* During operation, the mist 
generator effectively sterilises the water, 
destroying bacterium such as legioneiia pneumophila, 
during the droplet creation phase, prior to the 
water mist being projected from the mist generator. 

The fine droplet mist produced by the mist generator 
might be advantageously employed vjhere there has 
been a leakage or escape of chemical or biological 
materials in liquid or gaseous form. The atomised 
spray provides a mist which effectively creates a 
blanket saturation of the prevailing atmosphere 
giving a thorough wetting result. In the case where 
chemical or biological materials are involved, the 
misz wets the materials and occasions their 
precipitation or neutralisation, additional 
treatment could be provided by the introducti'jn or 
entrainmenc of chemical or biological additives into 
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uhe working fluid. For example disinfectants mav bs 
entrained or ir.Tiroduced Into the mist generator, and 
introduced into a room to be disinfected in a mist 
forn^.. For decontamination applications; such as 
animal decontamination or agricultural 
decontamination, no premix of the chemicals is 
required as the chemicals can be entrained directly 
into the unit and mixed simultaneously. This 
greatly reduces the time required to start 
decontamination and also eliminates the requirement 
for a separate mixer and holding tank. 

The mist generator may be deployed as an extractor 
v/hereby the injection of the transport fluid, for 
example steam, effects induction of a gas for 
movement from one zone to. another. One example of 
use in this way is to be found in fire fighting when 
smoke extraction at the scene of a fire is required. 

Further the mist generator may be employed to 
suppress or dampen down particulates from a gas. 
This usage has particular, but not exclusive, 
application to smoke and dust suppression from a 
fire. Additional chemical additives in fluid and/or 
powder form may be entrained and mixed with the flow 
for treatment of the gas and/or particulates. 

Further the mist generator for scrubbing particulate 
.materials from a gas stream, to effect separation of 
wanted elements from waste elements. Additional 
chemical additives in fluid and/or powder form may 
be entrained and mixed with the flow for treatment . 
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rf uhe aas a.-ici/oi: oar clciiia wCs . This usace has 
particular, buc not eMciusive, application r.o 
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The use, of the mist generator is not limited to the 
creation of v/ater droplet mists. The mist generator 
may be used in many different applications which 
require a fluid to be broken dov/n into a fine 
droplet mist. For example, the mist generator may 
be used to atomise a fuel, such as fuel oil, for the 
purpose of enhancing combustion. In this example, 
using steam as the transport fluid and a liquid fuel 
as the v/orking fluid produces a finely dispersed 
mixture of fine fuel droplets and water droplets. 
It .is well known in the airt that such mixtures when 
combined v/ith oxygen provides for enhanced 
combustion. In this example, the oxygen, possibly 
in the forni of air, could also be entrained, mixed 
with and projected with the fuel/steam mist by the 
mist generator. Alternatively, a different 
transport fluid could be used and water or another 
fluid can be entrained and mixed with the fuel 
within the mist generator. 

Alternatively, using a combustible fuel and air as 
the v/orking fluids, but with a source of ignition at 
the exit of the unit, the mist generator may be 
employed as a space heater. 

Further, the mist generator may be employed as an 
incinerator or process heater. In this example, a 
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— — ^.\-.i.if._s, f i- -^t'^'-Q / may be used 
as the transport fluid, introduced to the mist 
generator under pre.ssure. In this example the 
working jJluid may be an additional fuel or material 
which is required to be incinerated. Interaction 
between the transport fluid and working fluid 
creates a well mixed droplet mist which can be 
ignited and burnt in the mixing chamber or a 
separate chamber immediately after the exit. 
Alternatively; the transport fluid can be ignited 
prior to exiting the transport nozzles, thereby 
presenting a high velocity and high teroperature 
flame to the v/orking fluid. 

The mist generator affords the ability to create 
droplets created of a multi fluid emulsion. The 
droplets may comprise a homogeneous mix of different 
fluids, or may be formed of a first fluid droplet 
coated with an outer layer or layers of a second or 
more fluids. For e.xample, the mist generator may be 
employed to create a fuel /water emulsion droplet 
mist for the purpose of further enhancing 
combustion. In this example, the water may either 
be separately entrained into the mist generator, or 
provided by the transport fluid itself, for example 
from the steam condensing upon contact with the 
working fluid. Additionally, the oxygen required 
for combustion, possibly in the form of air, could 
also be entrained, mixed with a.nd projected with the 
fuel/steam mist by the generator. 
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impregnation of the v;orking fluid droplets into tr.s 
material. 

The mist genera'cor may be emoloved for snov; makinq 
purposes. This usage has particular but not 
exclusive application to artificial snow generation 
for both indoor and outdoor ski slopes. The fine 
water droplet mist is projected into and through th 
cold air vjhereupon the droplets freeze and form a 
frozen droplet 'snow' . This cooling mechanism may 
be further enhanced with the use of a separate ^ 
cooler fitted at the exit of the mist Generator to 
enhance the cooling of the water mist. The 
parametric conditions of the. mist generator and the 
transport fluid and v/orking fluid properties and 
temperatures are selected for the particular 
environmental conditions in which it is to operate. 
Additional fluids or powders may be entrained and 
mixed v;ithin the mist generator for aiding the 
droplet cooling and freezing mechanism. A cooler 
transport fluid than steam could be used. 

The high velocity of the water mist spr may 
advantageously be emoloved for cuttina noles in 
compacted snow or ice. In this application the 
working fluid, which mav be water, may 
advantageously be preheated before introduction to 
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w ^ c^^L p^o...ae a n^-gher temperature 

droplet mist. The enhanced heat transfer i.H+-h j-h^ 
in^pacL surface afiiorded by the water being in a 
aropiet .form, combined v/ith the high impact velocitv 
of the droplets provide a melting/cutting through 
the compacted snoiv or ice. The resulting waste 
water from this cutting operation is either driven 
by the force of the issuing water mist spray back 
out through the hole that has been cut, or in the • 
case of compacted snow may be driven into the 
permeable structure of the snow. Alternatively, 
some or all of the v/aste water may be introduced 
back. into the mist generator, either by entrainment 
or by being pumped, to provide or supplement the 
working fluid supply. The mist generator may be 
moved towards the 'cutting face' of the holes as the 
depth of the hole increases. Consequently, the 
transport fluid, and the water may be supplied to the 
mist generator co-axially, to allow the feed supply 
pipes to fit within the diameter of the hole 
generated. The geometry of the nozzles, the mixing 
chamber and the outlet of the mist generator, plus 
the properties of the transport fluid and working 
fluid are selected to produce the required hole size 
in the snow or ice, and the cutting rate and water 
removal rate. 



Modifications may be made to the present invention 
without departing from the scope of the invention,, 
for example, the supplementary nozzle, or other 
additional nozzles, could be used in the form of 
NACA ducts, which are used to bleed high pressure 
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.Tron-; iiigh pxessurs suriace co s lew pressure 
:5-jrfaca uc raaintain *:he boundary layer on the 
suriiaces an:! reduce ctriiCi. 

"The MACA duces mav be emoloved on uhe mist qeneraticr 
1 from the perspectiv'e of using drillings through 
the housing 2 to feed a fluid to a wall surface 
flow. For example/ additional drillings could be 
employed to simply feed air or steam through the 
drillings to increase the turbulence in the mist 
generator and increase the turbulent break up. The 
MACA ducts may also be angled in such a way to help 
directionalise the mist emerging from the luist 
generator. Holes or even an annular nozzle may be 
situated on the trailing edge of the mist generator. 
to .help to force the exiting mist to continue to 
expand and therefore diffuse the flon (an exiting 
high velocity flow v/ill tend to want to converge) . 

NACA ducts could be employed/ depending on the 
application, by using the low pressure area v;ithin 
the mist generator to drav/ in gasses from the . 
outside surface to enhance turbulence. NACA ducts 
may have applications in situations where it is 
beneficial to drav; in the surrounding gasses to be 
processed with the mist generator, for example, 
drawing in hot gasses in a fire suppression role may 
help to cool the gasses and circulate the gasses 
wiLhi:"i the room. 

Enhancing turbulence in the mist generator helps to 
both increase droplet formacicn (v/ith s.T.aller 
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^lis'^. This has bene.fits in rire suppression and 
decor.taraination of helping to force the mist to mix 
within the mist generator and wet ail surfaces 
and/or mix with the hot gasses. In addition tio the 
aforesaid, turbulence may be induced by the use of 
guide vanes in either the nozzles or the passage. 
Turbuiators may be helical in form or of any other 
form which induces swirl in the fluid stream. 

As well as turbuiators increasing turbulence, they 
will also reduce the risk of coalescence of the 
droplets on the turbuiator vanes/blades. 

The turbuiators . themselves could be of several 
forms, for example, surface projections into the 
fluid path, such as small projecting vanes or nodes; 
surface groves of various profiles and orientations 
as shown in Figs 5 to 10; or larger systems which 
move or turn the whole flow - these may be angled 
blades across the whole bore of the flow, of either 
a small axial length or of a longer ^Archimedes type 
design. In addition, elbows of varying angles 
positioned along varies planes may be used to induce 
swirl in the flow streams before they enter their 
respective inlets. 

It is anticipated that the mist generator may 
include piezoelectric or ultrasonic actuators that 
vibrate the nozzles to enhance droplet break ud. 
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Claims 

1. Apparatus for cjenerating a raist coiuprisiiig: 

a conduit having a mixing chcimber and an exit; 

a transport nozzle in fluid communication with 
the said conduit, the transport nozzle being adapted 
to introduce a transport fluid into the mixing 
chamber; 

a v/orking nozzle positioned adjacent the 
transport nozzle intermediate the transport nozzle 
and the exit, the working nozzle being adapted to 
introduce a v/orking fluid into the mixing chamber; 

^ the transport and working nozzles having an 
angular orientation and internal geometry such that 
in use interaction of the transport fluid and 
working fluid in the mixing chamber causes the 
working fluid to atomise and form a dispersed 
vapour/droplet flow regime, which is discharged as a^ 
mist from the exit, the mist comprising vjorking 
fluid droplets having a substantially uniform size. 

2. The apparatus of claim 1, wherein the transport 
and/or working nozzle substantially circumscribes 
the conduit. 

3. The apparatus of claim 1 or 2, wherein the 
angular orientation and internal geometry of the 
transport and working nozzles is such that the size 
of the working fluid droplets is less than 50.um. 

4. The apparatus of any preceding claim, wherein 
the mixing chamber includes a converging portion. 
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The apparatus of any of claims 1 to 3, wherein 
the mixinci cha.niber includes a diverging portion. 

D. The apparatus of any preceding claim, 'wherein 
the apparatus includes a second -transport nozzle 
being adapted to introduce further transport fluid 
or a second transport fluid into the mixing chamber. 

7. The apparatus of claim 7, wherein the second 
transport nozzle is positioned nearer to the exit 
than the working nozzle, such that the working 
nozzle is intermediate both transport nozzles. 

8. The apparatus of any preceding claim, wherein 
the mixing chamber includes an inlet adapted to 
introduce an inlet fluid into the mixing chamber, 
the inlet being distal from the exit, the transport 
and working nozzles being arranged intermediate the 
inlet and exit. 



9. The apparatus of any preceding claim, wherein 
the apparatus includes a supplementary nozzle 
arranged inside the transport nozzle and adapted to 
introduce further transport fluid or a second 
transport fluid into the mixing chamber. 

10. The apparatus of claim 9, wherein the 
supplementary nozzle is arranged axially in the 
mixing chamber . 
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11, The apparauuc o:; zlairx 9 or 10, ••.herein the 
supplemGntary nozzle extends forward of the 
transport nc:i::ie. 

12. The apparatus of any oi: claims 9 to 11, v;herein 
the supplementary nozzle is shaped with a 
convergent-divergent profile to. provide supersonic 
flow of the transport fluid which flows 
therethrough . 

13.. The apparatus of any preceding claim, wherein 
the transport nozzle is shaped such that the 
transport fluid introduced into the mixing chamber 
through the transport nozzle has a divergent or 
convergent flov; pattern. 

14. The apparatus of claim 13, v/herein the 
transport nozzle has inner and outer surfaces each 
being substantially frustoconical in shape. 

15. The apparatus of any preceding claim, wherein 
the working nozzle is shaped such that v/orking fluid 
introduced into the mixing chamber through the 
working nozzle has a convergent or divergent flovj 
pattern. 

16. The apparatus of claim 15, wherein the working 
nozzle has inner and outer surfaces each beina 
substantially frustoconical in shape. 

17. The apparatus of any preceding claim, further 
including ccntrol means adapted to control one or 
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more of droplet size, droplet distribution, sprav 
cone angle and projection distance. 

.lu. .ne apparatus or any preceding claim, further 
including control means to. control one or more of 
th^ flow rate, pressure, velocity, quality, and 
temperature of the working or transport fluids • 

19. The apparatus of claim 17 or claim 18, v/herein 
the control means includes means to control the 
angular orientation and internal geometry of the 
transport and working nozzles. 

20. The apparatus, of any of claims 17 to 19, 
v;herein the control means includes means to control 
the internal geometry of at least part of the mixing 
chamber or exit to vary it between convergent and 
divergent • 

21. The apparatus of any preceding claim, wherein 
the internal geometry of the transport nozzles has 
an area ratio, namely exit area to throat area, in 
the range 1.75 to 15, having an included angle a 
substantially equal to or less than 6 degrees for 
supersonic flow and substantially equal to or less 
than 12 degrees for sub-sonic flow. 



22. The apparatus of any preceding claim, wherein 

ft 

the transport nozzle is oriented at an angle p of 
between 0 to 30 degrees. 
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i na c;ppr::r?:tiis of ziny p.receding clain; wherein 
^•.he mixing chamber is closed upstream cf the 
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24. The apparatus of any preceding claim, wherein 
the exit of the apparatus is prox'ided with a cowl to 
control the mist. 



25. The apparatus of claim 24, wherein the cowl 
comprises a plurality of separate sections arranged 
radially, each section adapted to control and re- 
direct a portion of the discharge of mist emerging 
from the exit. 



26. The apparatus of any preceding claim, wherein 
the apparatus for generating a mist is located 
within a further cowl. 



27. The apparatus of any preceding claim, wherein 
the conduit includes a passage. 



28. The apparatus of any preceding claim, wherein 
at least. one of the passage, the transport 
nozzle (s), working nozzle (s) and secondary nozzle (s) 
has a turbulaiior to induce turbulence of the fluid 
therethrough prior to the fluid being introduced 
into the mixing chamber. 



29. A spray system comprising apparatus of any of 
claims 1 to 23 and transport fluid in the form cf 
steam. 
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30. The spray Gysterr. of claim .23, further includ.lno 
v;orking fluid ir. the form of v-/ater. 

5:i. The spray system of claim 29 or 30, further 
including a steam generator and v/ater supply. 

32. The spray system of claim 31, v?herein the spray 
system is portable. 

33. A method of generating a mist comprising the 
steps of: 

. providing apparatus for generating a mist 
comprising a transport and working nozzle and a 
conduit, the conduit having a mixing chamber and an 
exit; 

introducing a stream of transport fluid into 
the mixing chamber through the transport nozzles- 
introducing a v/orjcing fluid into the mixing 
chamber through the working nozsle dpwnstream of the 
transport nozzle nearer to the exit; 

atomising the v;or)cing fluid by interaction of 
the transport fluid v;ith the working fluid to form a 
dispersed vapour /droplet flow regime; and 

discharging the dispersed vapour/droplet flow 
regime through the exit as a mist comprising working 
fluid droplets of substantially uniform size. 

34. The method of claim 33, wherein the apparatus 
is an apparatus according to any of claims 1 to 32 . 
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35. The method of claim 33 or 34 > v/herein the 
stream cf transport fluid introduced into the /nixing 
chamber is annular. 

3c, The method of any of claims 33 to 35, wherein 
the '.vorking fluid droplets have a size less than 

37. The method of any of claims 33 to 35, v/herein 
the method includes the step of introducing the 
transport fluid into the mixing chamber in a 
continuous or discontinuous or intermittent or 
pulsed manner. 

38. The method of any of claims 33 to 31, v;herein 
the method includes the step of introducing the 
transport fluid into the mixing chamber as a 
supersonic flow. 

39. The method of any of claims 33 to 38/ wherein 
the method includes the step of introducing the 
working fluid into the mixing chamber in a 
continuous or discontinuous or intermittent or 
pulsed manner. 

40. The method of any of claims 33 to 39, v;herein 
the method includes the step of introducing the ^ 
transport fluid into the mixing chamber as a sub- 
sonic flow. 
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•41. The method ci any c£ c;laims 33 no 40, wherein 
the mist is controlled by modulating at least one of 



tr.e f oilov.'ina oarameters: 



'^ne flcv; rate, pressure^ velocity, quality 
anci/or teniperature of the transport fluid; 

the flow rate, pressure, velocity, qualitv. 
and/or temperature of the working fluid; 

the flow rate, pressure, velocity, quality 
and/or temperature of the inlet fluid; 

the angular orientation of the transport and/or 
',7orking and/or secondary nozzle (s) of the apparatus; 

the internal geometry of the transport and/or 
working and/or secondary nozzle (s) of the apparatus; 
and 

the internal geometry, length and/or cross 
section of the mixing chamber. 

42. The method of any of claims 33 to 41, including 
mixing the transport and working fluid together by 
means of a high velocity transport fluid jet issuing 
from the transport nozzle. 

43. The method of any of claims 33 to 42, including 
the generation of condensation shocks and/or 
momentum transfer to provide suction within the 
apparatus . 



44. The method of any of claims 33 to 43, including 
inducing turbulence of the inlet fluid prior to it 
being introduced into the mixing chamber. 
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-15. Thv: method of any of claims 33 «:c ^lA, including 
inducing curbuience of the working fluid prior zo it 
being introduccsd into the nvixing charaber. 

46. The method of any of claims 33 uo including 
inducing rurbulence of the transport fluid prior to 
it being introduced into the mixing chaitiber. 

47 . The method of any of claims 33 co 46, v/herein 
the transport fluid is steam or an air/steam 
mixture. 

48. The method of any of claims 33 to 47, wherein 
the working fluid is water or a v^;ater-based liquid. 

49,. The method of any of claims 33 to 48, wherein 
the mist is used for fire suppression. 

50. The method of any of claims 33 to 49, wherein 
the mist is used for decontamination. 

51. The method of any of claims 33 to 50, wherein 
the mist is used for gas scrubbing. 
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Fig. 6 
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